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water. It sometimes rose to great distinctness, and sometimes 
fell to inaudibility. These fluctuations, of which various striking 
examples have been observed, are due to the drifting of acoustic 
clouds, which act upon a source of sound, as the drifting of 
ordinary clouds upon the sun. The whistle showed the same 
intermittence as to period, but in the opposite sense, for when the 
whistle was faint the pipe was strong, and vice vend. 

There seemed to be an extraordinary amount of sound in the 
air. It was filled with a resonant roar from the Bays water and 
Knightsbridge roads. The railway whistles were extremely dis¬ 
tinct, while the fog-signals exploded at the various metropolitan 
stations kept up a loud and almost constant cannonade. I could 
by no means reconcile this state of things with the statements so 
categorically made regarding the influence of fog. 

The water was on this day warmer than the air, and the 
ascending vapour was instantly in part condensed, thus revealing 
its distribution. Instead of being uniformly diffused, it formed 
wreaths and strise. I am pretty confident that had the vapour 
been able to maintain itself as such, the air would have been far 
more opaque to sound. In other words, I believe that the 
very cause which diminished' - the optical transparency of the 
atmosphere augmented its acoustical transparency. 

This conclusion was confirmed by numerous observations made 
while the fog lasted.* 

On Dec. 13 the fog was displaced by a thin haze. We could 
plainly see from one bank of the Serpentine to the other, and far 
into Hyde Park beyond. There was a wonderful subsidence of 
the sound of the carriages, church bells, &e. Being at the 
bridge I listened for the sounds excited at the end of the Ser¬ 
pentine. With the utmost stretch of attention I could hear 
nothing. I walked along the edge of the water towards Mr. 
Cottrell, and when I had lessened the distance by one half, the 
sound of his whistle was not so distinct as it had been at the bridge 
on the day of the densest fog. Hence the optical cleansing of the air 
by the melting of the-fog had so darkened it acoustically, that a 
sound generated at the end of the Serpentine was lowered to at 
least one-fourth of its intensity at a point midway between the 
end and the bridge. 

This opportune fog enabled me to remove the last of a con¬ 
geries of errors which, ever since the year 170S, have attached 
themselves to this question. As regards phonic coast-signals, we 
now know exactly where we stand. 

It is worth observing he;e that the solution of the deportment 
of hail, rain, snow, haze, and fog, as regards sound, depends 
entirely upon observations made on the 3rd of July, which was 
about the last day that one would have chosen for experiments 
on fog-signals. Indeed, it had been distinctly laid down that 
observations on such a day would be useless ; that they might 
indeed enable us to weed away bad instruments from good ones, 
but could throw no light whatever on the question of fog¬ 
signaling. That the contrary is the case, is an illustration of the 
fact that the solution of a question often lies in a direction dia¬ 
metrically opposed to that in which it appears to lie. + 


EXTRACTS FROM AN ADDRESS BY SIR W. 
THOMSON, TO THE SOCIETY OF TELE¬ 
GRAPHIC ENGINEERS 

T HAVE advisedly, not thoughtlessly, used the expression 
“terrestrial electricity.” It is not an expression we are 
accustomed to. We are accustomed to ‘ ‘ terrestrial magnetism ; ” 
we are accustomed to atmospheric electricity. The electric 
telegraph forces us to combine our ideas with reference to 
terrestrial magnetism and atmospheric electricity. We must 
look upon the earth and the air as a whole—a globe of earth 
and air—and consider its electricity whether in rest or in motion. 
Then, as to terrestrial magnetism, of what its relation may be to 
perceptible electric manifestations we at present know nothing. 

You all know that the earth acts as a great magnet. Dr. 
Gilbert, of Colchester, made that clear nearly 300 years ago ; 
but how the earth acts as a great magnet—how it is a magnet,— 
Whether an electro-magnet in virtue of currents revolving round 
under the upper surface, or whether it is a magnet like a mass 
of steel or load-stone, we do not know. This we do know, that 

* Since the first notices of this lecture appeared in the newspapers, strong 
. confirmatory evidence has been received. 

t The foregoing report was compiled from, the notes of Prof, Tyndall. It 
is published with Prof, Tyndall’s sanction, but was not written by himself. 


it is a variable magnet, and that a first approximation to the 
variation consists in a statement of motion round the axis of 
figure—motion of the magnetic poles, round the axis of figure, 
in a period of from 900 to 1,000 years. The earth is not a 
uniformly magnetised magnet with two poles, and with circles 
of symmetry round those poles. But a first expression—as we 
should say in mathematical language the first e< harmonic term ” 
—in the full expression of terrestrial magnetism is an expression 
of a regular and symmetrical distribution such as I have indi¬ 
cated. Now, this is quite certain, that the axis of this first term, 
so to speak, or this first approximation, which, in fact, we 
might call the magnetic axis of the earth, does revolve round 
the axis of figure. 

When the phenomena of terrestrial magnetism were first some¬ 
what accurately observed about three hundred, years ago, the 
needle pointed here in England a little to the east of north; a 
few years later it pointed due north; then, until about the year 
1820, it went to the west of north ; and now it has come back 
towards the north. The dip has experienced corresponding 
variations. The dip was first discovered by the instrument 
maker, Robert Norman, an illustration, I may mention in 
passing, of the benefits which abstract science derives from 
practical applications—one of the most important fundamental 
discoveries of magnetism brought back to theory by an instru¬ 
ment maker who made mariner’s compasses. Robert Norman, 
in balancing his compass cards, noticed that after they were 
magnetised one end dipped, and he examined the phemonenott 
and supported a needle about the centre of gravity, magnetised 
it, and discovered the dip. When the dip was first so discovered 
by Robert Norman it was less than it is now. The dip has gone 
on increasing, and is still increasing ; but about 50 years ago the 
deviation from true north was greatest. Everything goes on as 
if the earth had a magnetic pole revolving from west to east 
round the true North Pole, at a distance of 20° from it. About 
three hundred years ago its azimuth from England was a little to 
the east of the north pole: then it came round, moving eastwards 
on the far side of the north pole, and round in a circle towards us 
on the left-hand side of the north pole, as looked to from England. 
That motion in a circle round the north pole has already been 
experienced within the period during which somewhat accurate 
measurements have been made—has been experienced to the 
, extent of rather more than a quarter of the whole revolution ; 
and we may expect that about 200 years from the present time 
the magnetic pole will be between England and the North Pole ; 
so that the needle will thus point due north, and the dip be 
greater than it has been for 1,000 years, or will be for another. 
It is one of the greatest mysteries of science, a mystery which I 
might almost say is to myself a subject of daily contemplation— 
what can be the cause of this magnetism in. the interior of 
the earth ? Rigid magnetisation, like that of steel or the load¬ 
stone, has no quality in itself in virtue of which we can conceive 
it to migrate round in the magnetised bar. Electric currents 
afford the more favoured hypothesis; they are more mobile. 
If we can conceive electric currents at all, we may conceive 
them flitting about. But what sustains the electric currents? 
People sometimes say, heedlessly or ignorantly, that thermo¬ 
electricity does it. We have none of the elements of the problem 
of thermo-electricity in the state of underground temperature 
which could possibly explain, in accordance with any knowledge 
we have of thermo-electricity, how there could so be sustained 
currents round the earth. And if there were currents round the 
earth, regulated by some cause so as to give them a definite 
direction at one time, we are as far as ever from explaining how 
the channel of those currents could experience that great secular 
variation which we know it does. Thus we have merely a 
mystery. It would be rash to suggest even an explanation. I 
may say that one explanation has been suggested. It was sug¬ 
gested by the great astronomer, Halley, that there is a nucleus 
in the interior of the earth, and that the mystery is explained 
simply by a magnet not rigidly connected with the upper crust 
of the earth, but revolving round an axis differing from the axis 
of rotation of the outer crust, and exhibiting a gradual precessional 
motion independent of the precessional motion of the outer rigid 
ciust. I merely say that has been suggested. I do not ask you 
to judge of the probability : I would not ask myself to judge of 
the probability of it. No other explanation has been suggested. 

But now, I say, we look with hopefulness to the practical 
telegraphist for data towards a solution of this grand p rob km. 
The terrestrial magnet is subject, as a whole, to the grand secular 
variation which I have indicated. But, besides that, there are 
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annual variations and diurnal variations. Every day the needle 
varies from a few minutes on one side to a few minutes on the 
other side of its mean position, and at times there are much 
greater variations. What are called “magnetic storms” are of 
not very unfrequent occurrence. In a magnetic storm the needle 
will often fly twenty minutes, thirty minutes, a degree, or even 
as much as two or three degrees sometimes, from its proper 
position—if I may use that term—its proper position for the 
time; that is, the position which it might be expected to have 
at the time according to the statistics of previous observations. 
I speak of the needle in general. The ordinary observation of 
the horizontal needle shows these phenomena. So does obser- 
vation on the dip of the needle. So does observation on the 
total intensity of the terrestrial magnetic force. 

The three elements, deflection, dip, and total intensity, all 
vary every day with the ordinary diurnal variation, and irregu¬ 
larly with the magnetic storm. The magnetic storm is always 
associated with a visible phenomenon, which we call, habitually, 
electrical;—aurora borealis, and, no doubt, also aurora of 
the southern polar regions. We have the strongest possible 
reasons for believing that aurora consists of electric currents, 
like the electric phenomena presented by currents of elec¬ 
tricity through what are called vacuum tubes, through the space 
occupied by vacuums of different qualities in the well-known 
vacuum tubes. Of course, the very expression, “vacuums of 
different qualities” is a contradiction in terms. It implies that 
there are small quantities of matter of different kinds left in those 
nearest approaches to a perfect vacuum which we can make. 

Well now, it is known to you all that aurora borealis is pro¬ 
perly comparable with the phenomena presented by vacuum 
tubes. The appearance of the light, the variations which it 
presents, and the magnetic accompaniments, are all confirmatory 
of this view, so that we may accept it as one of the truths of 
science. Well now—and here is a point upon which, I think, the 
practical telegraphist not only can, but will, before long give to 
abstract science data forjudging—is the deflection of the needle 
a direct effect of the auroral current, or are the auroral current 
and the deflection of the needle common results of another 
cause ? 

With reference to this point, I must speak of underground 
currents. There again I have named a household word to every¬ 
one who has anything to do with the operation of working the 
electric telegraph, and not a very pleasing household word I 
must say. I am sure most practical telegraphers would rather 
never hear of earth currents again. Still we have got earth cur¬ 
rents j let us make the best of them. They are always with us ; 
let us see whether we cannot make something of them, since they 
have given us so much trouble. Now, if we could have simul¬ 
taneous observations of the underground currents, of the three 
magnetic elements, and of the aurora, we should have a mass of 
evidence from which, I believe, without fail, we ought to be 
able to conclude an answer more or less definite to the ques¬ 
tion I have put. Are we to look in the regions external to 
our atmosphere for the cause of the underground currents, or 
are we to look under the earth for some unknown cause affecting 
terrestrial magnetism, and giving rise to an induction of those 
currents ? The direction of the effects, if we can only observe 
those directions, will help us most materially to judge as to what 
answer should be given. 

It is my desire to make a suggestion which may reach mem¬ 
bers of this society, and associates in distant parts of the world. 

1 make it not merely to occupy a little time in an inaugural ad¬ 
dress, but with the most earnest desire and expectation that 
something may be done in the direction of my suggestion. I do 
not venture to say that something may come from my suggestion, 
because, perhaps, without any suggestion from me, the acute and 
intelligent operators whom, our great submarine telegraph com¬ 
panies have spread far and wide over the earth, are fully alive to 
the importance of such observations as I am now speaking of. 

I would just briefly say that this kind of observation is what 
would be of value for the scientific problem—to observe the in¬ 
dication of an electrometer at each end of a telegraph line at any 
time, whether during a magnetic storm or not, and at any time 
of the night or day. If the line be worked with a condenser at. 
each end, this observation can be made without in the slightest 
degree influencing, and therefore without in the slightest degree 
disturbing, the practical work throughout the line. Put on an 
electrometer in direct connection with the line, connect the out¬ 
side of the electrometer with a proper earth connection, and it 
may be observed quite irrespectively of the signalling ; when the 


signalling is done, as it very frequently is at submarine lines, 
with a condenser at each end. The scientific observation will 
be disturbed undoubtedly, and considerably disturbed by the 
Sending of messages, but the disturbance is only transient, and 
in the very pause at the end of a word there will be a sufficiently 
near approach to steadiness in the potential at the end of a wire 
connected with the electrometer to allow a careful observer to 
estimate with practical accuracy the indication that he would have 
were there no working of the line going on at the time. A mag¬ 
netic storm of considerable intensity does not stop the working, 
does indeed scarcely interfere with the working, of a submarine 
line in many instances when a condenser is used at each end. 

Thus, observations, even when the line is working, may be 
made during magnetic storms, and again, during hours when the 
line is not working, if there are any, and even the very busiest 
lines have occasional hours of rest. Perhaps, then, however, 
the operators have no time or zeal left, or,, rather, I am 
sure they have always zeal, but I am not sure that there 
is always time left, and it may be impossible for them to 
bear the strain longer than their office hours require them. But 
when there is an operator, or a superintendent, or a mechanic, 
or an extra operator who may have a little time on his hands, 
then, I say, any single observation or any series of observations 
that he can make on the electric potentials at one end of an in¬ 
sulated line will give valuable remits. When arrangements can 
be made for simultaneous observations of the potentials by an 
electrometer at the two ends of the line, the results will be still 
more valuable. 

And, lastly, I may just say that when an electrometer is not 
available, a galvanometer of very large resistance may be em¬ 
ployed. This will not in the slightest degree interfere with the 
practical working any more than would an electrometer, nor 
will it be more difficult to get results of the scientific observations 
not overpovveringly disturbed by the practical working if a galva¬ 
nometer is used than when an electrometer is available. The 
more resistance that can be put in between the cable and 
the earth in circuit with the galvanometer the better, and the sen¬ 
sibility of the galvanometer will still be found perhaps more than 
necessary. Then, instead of reducing it by a shunt, let steel 
magnets, giving a more powerful direction to the needle, be 
applied lor adjusting it. The resistance in circuit with the 
galvanometer between cable-end aud earth ought to be at least 
twenty-times the cable’s copper-resistance to make the galva¬ 
nometer observations as valuable as those to be had by electro¬ 
meter, 

I should speak also of the subject of atmospheric electricity. 
The electric telegraph brings this phenomenon into connection 
with terrestrial magnetism with earth current q and through them 
with aurora borealis, in a manner for which observations made 
before the time of the electric telegraph, or without the aid of 
the electric telegraph, had not given us any data whatever. 
Scientific observations on terrestrial magnetism, and on the 
aurora, and on atmospheric electricity, had shown a connection 
between the aurora and terrestrial magnetism in the shape of the 
disturbances that I have alluded to at the time of magnetic 
storms ; but no connection between magnetic storms and 
atmospheric electricity, thunderstorms, or generally the state of 
the weather—what is commonly called meteorology—has yet 
been discovered. 

The one common link connecting these phenomena hitherto 
known to us is exhibited in the electric telegraph. A telegraphic 
line—an air line more particularly, but a submarine line also— 
shows us unusually great disturbances, not only when there are 
auroras and variations of terrestrial magnetism, but when the 
atmospheric electricity is in a disturbed state. That it 
should be so electricians here present will readily understand. 
They will understand when they consider the change of electri- 
ficaion of the earth’s surface which a lightning discharge neces¬ 
sarily produces, 

I fear I might occupy too much of your time, or else I would 
just like to say a word upon atmospheric electricity, and to call 
your attention to the quantitative relations which questions in 
connection with this subject bear to those of ordinary earth cur¬ 
rents and the phenomena of terrestrial magnetism. In fair 
weather, the surface of the earth is always, in these countries at 
all events, found negatively electrified. Nov/ the limitation to 
tnese countries that I have made suggests a point for the prac¬ 
tical telegraphists all over the world. Let us know whether it 
is only in England, France, and Italy that in fine weather the 
earth’s surface is negatively electrified. 
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The only case of exception on record to this statement is 
Prof. Piazzi Smyth’s observations on the Peak of Teneriffe. 
There, during several months of perfectly fair weather, the sur¬ 
face of the mountain was, if the electric test applied was correct, 
positively electrified; but Prof. Piazzi Smyth has, I believe, 
pointed out that the observations must not be relied upon. The 
instrument, as he himself found, was not satisfactory. The science 
of observing the atmospheric electricity was then so much in its 
infancy that, though he went prepared with the best instrument, 
and the only existing rules for using it, there was a fatal doubt as 
to whether the electricity was positive or negative after all. But 
the fact that there has been such a doubt is important. Now I 
suppose there will be a telegraph to Teneriffe before long, and 
then I hope and trust some of the operators will find time to 
climb the Peak. I am sure that, even without an electric 
object, they will go up the Peak. Now they must go up the 
Peak with an electrometer in fine weather, and ascertain 
whether the earth is positively or negatively electrified. If they 
find that on one fine day it is negatively electrified, the result 
will be valuable to science ; and if on several days it is found to 
be all day and all night negatively electrified, then there will be 
a very great accession to our knowledge regarding atmospheric 
electricity. 

When I say the surface of the earth is negatively electrified, I 
make a statement which I believe was due originally to Peltier. 
The more common form of statement is that the air is positively 
electrified, but this form of statement is apt to be delusive. 
More than that, it is most delusive in many published treatises, 
both in books and encyclopaedias upon the subject. I have in 
my mind one encyclopaedia in which, in the article “Air, Elec¬ 
tricity of,” it is said that the electricity of the air is positive, and 
increases in rising from the ground. In the same encyclopedia, 
in the article “Electricity, Atmospheric,” it is stated that the 
surface of the earth is negatively electrified, and that the air in 
contact with the earth, and for some height above the earth, is, 
in general, negatively electrified. I do not say too much, then, 
when I say that the statement that the air is positively electrified 
has been at all events a subject for ambiguous and contradictory 
propositions ; in fact, what we know by direct observation is, 
that the surface of the earth is negatively electrified, and positive 
electrification of the air is merely inferential. 

Suppose, for a moment, that there were no electricity whatever 
in the air—that the air were absolutely devoid of all electric 
manifestation, and that a charge of electricity were given to the 
whole earth. For this no great amount would be necessary. 
Such amounts as you deal with in your great submarine cables 
would, if given to the earth as a whole, produce a very con¬ 
siderable electrification of its whole surface. You all know the 
comparison between the electricity of one Atlantic cable—the 
electro-static capacity of one of the Atlantic cables—with the 
water round its gutta-percha for outer coating, and the earth and 
air with infinite space for its outer coating.* I do not remember 
the figures at this moment; in fact, I do not remember which is 
the greater. Weil, now, if all space were non-conducting—and 
experiments on vacuum tubes seem rather to support.the possi¬ 
bility of that being the correct view-—if all space were non-con¬ 
ducting, our atmosphere being a noe-conductor, and the rarer 
and rarer air above us being a non-conductor, snd the so-called 
vacuous space., or the interplanetary space beyond that (which 
we cannot admit to be really vacuous) being a non-conductor also, 
then a charge could be given to the earth as a whole, if there 
were the other body to come and go oway again, just as a charge 
could be given to a pith ball electrified in the air of this room. 
Then, I say, all the phenomena brought to light by atmospheric 
electrometers, which we observe on a fine day, would be ob¬ 
served just as they are. The ordinary observation of atmo¬ 
spheric electricity would give just the result that we obtain from 
it. The result that we obtain every day in observations on 
atmospheric electricity is precisely the same as if the earth 
were electrified negatively and the air had no electricity in it 
whatever. 

Well, now I have asserted strongly that the lower regions of 
the air are negatively electrified. On what foundation is this 
assert-on made? Simply by observation. It is a matter of 
fact; it is not a matter of speculation. I find that when air is 
drawn into a room from the outside, on a fine day, it is 
negatively electrified. I believe the same phenomena will be 
observed in this city as in the old buildings of the Uni- 

* The earth’s radius is about 630 million centimetres, and its electrostatic 
capacity is therefore 630 microfarads, or about that of i,6oo miles of cable. 


versity of Glasgow, in the middle of a very densely- 
peopled and smoky part of Glasgow; and therefore I doubt not 
that when air is drawn into this room from the outside, and a 
water-dropping collector is placed in the centre of the room, 
or a few feet above the floor, and put in connection with a 
sufficiently delicate electrometer, it will indicate negative electri¬ 
fication. Take an electric machine; place a spirit lamp on its 
prime conductor; turn the machine for a time ; take an um¬ 
brella, and agitate _ the air with it till the whole is well mixed 
up ; and keep turning the machine, with the spirit-lamp burning 
on its prime conductor. Then apply your electric test, and you 
find the air positively electrified. 

Again—Let two rooms, with a door and passage between 
them, be used for the experiment First shut the door and open 
the window in your observing room. Then, whatever electric 
observations you may have been performing, after a short time 
you find indications of negative electrification of the air. Then, 
during all that time, let us suppose that an electric machine has 
been turned in the neighbouring room, and a spirit-lamp burning 
on its prime conductor. Keep turning the electric machine in 
the neighbouring room, with the spirit-lamp as before. Make 
no other difference but this—shut the window, and open the 
door. I am supposing that there is a fire in your experimenting 
room. Then, when the window was open and the door closed, 
the fire drew its air from the window, and you got the air direct 
from without. Now shut the window and open the door into the 
next room, and gradually the electric manifestation changes. 
And here somebody may suggest that it is changed because of 
the opening of the door and the inductive effect from the pas¬ 
sage. But I anticipate that criticism by saying that my ob¬ 
servation has told me that the change takes place gradually. 
For a time after the door is opened and the window closed, 
the electrification of the air in your experimenting room 
continues negative, but it gradually becomes zero, and a little 
later becomes positive. It remains positive as long as you keep 
turning the electric machine in the other room and the door 
is open. If you stop turning the electric machine, then, after a 
considerable time, the manifestation changes once more to the 
negative; or if you shut the door aud open the window the 
manifestation changes more rapidly to negative. 

It is, then, proved beyond all doubt that the electricity which 
comes in at the windows of an ordinary room in town is ordi¬ 
narily negative in fair weather. It is not always negative, how¬ 
ever. I have found it positive on some days. In broken 
weather, rainy weather, and so on, it is sometimes positive and 
sometimes negative. Now, hitherto, there is no proof of 
positive electricity in the air at all in fine weather; but we have 
grounds for inferring that probably there is positive electricity in 
the upper regions of the air. ' To answer that question the direct 
manner is to go up in a balloon, but that takes us beyond 
telegraphic regions, and therefore I must say nothing on that 
point. But I do say that superintendents and telegraph operators 
in various stations might sometimes make observations; and I 
do hope that the companies will so arrange their work, and 
provide such means for their spending their spare time, that each 
telegraph-station may be a sub-section of the Society of Tele¬ 
graph Engineers, and may be able to have meetings, and make 
experiments, and put their forces together to endeavour to arrive 
at the truth. If telegraph operators would repeat such experi¬ 
ments in various parts of the world, they would give us most 
valuable information. 

And we may hope that besides definite information regarding 
atmospheric electricity, in which we are at present so very 
deficient, we shall also get towards that great mystery of nature 
—the explanation of terrestrial magnetism and its associated 
phenomena, —the grand secular variation of magnetism, the mag¬ 
netic storms, and the aurora borealis. 


NOTES 

We have frequently had occasion to refer to the energy and 
work of the Perthshire Society of Natural Science, and we re¬ 
joice to see that at its last meeting it has shown an example 
which we hope will be followed sooner or later by all scientific 
societies; it has resolved to make its influence felt in parliamentary 
elections. On the motion of the secretary, Dr. White, the fol¬ 
lowing resolution was unanimously adopted :—“ That in respect 
that Britain is apparently rapidly losing that commercial and 
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